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Abstract:  
 
Burn injuries are a public health problem that although decreasing in incidence in the United 
States (US), can be devastating with lifelong health, social and economic ramifications. Studies 
have shown that extremes of age, greater percent total body surface area (%TBSA), and 
inhalation injury, are all associated with greater morbidity and mortality after burn injury. Unlike 
other forms of trauma, women appear to do worse after burn injury as compared to men, but 
little research has been done to understand why this is the case. We thus aimed to do a 
systematic review of studies designed to specifically assess the effect of sex on outcomes after 
burn injury in adult patients. We searched PubMed, Medline, Embase, Clinical Key, CINAHL for 
studies that looked at the relationship between burn or thermal injury, sex, gender and outcome. 
Our search criteria resulted in a total of 939 articles. After review of the articles, a total of ten 
articles were identified for final review. All of the identified articles were retrospective in nature 
and relied on large single or multicenter registry sources of data for analysis.  While the studies 
were heterogeneous in nature, the majority of articles showed that women had greater mortality 
after burn injury as compared to men.  Given the retrospective nature of all of the studies, none 
were able to offer causality for why women do worse. Many studies speculated that sex 
hormones, i.e. estrogen, likely cause dysregulation of the immune system leading to worse 
outcomes. There may also be an interplay between sex hormones and the differential 
distribution of adipose tissue, in men and women, which may contribute to the differences seen 
in mortality between the sexes.   In addition to physiologic and immunologic mechanisms, there 
may be social, economic and psychological/psychiatric factors that may prime women for longer 
lengths of stay, slower recovery and worse long term outcomes after burns as compared to 
men.  Many studies found that women who are burned tend to be older, have lower 
socioeconomic status, have greater co-morbidities, and tend to have lower social capital as 
compared to men who are burned.  Although no definitive answers were provided in the papers, 
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it is clear that there is a complex interaction between physiologic and social factors that increase 
women’s risk for worse outcomes and greater mortality after burns.  The results of this 
systematic review highlight the need for prospective, translational studies designed to explore 
why women do worse than men after burns.  In addition, there are many opportunities for the 
public health community to engage in interdisciplinary burn research to improve burn prevention 
efforts and to help better understand the interactions between behavior, social isolation and 
health, with respect to burn trauma.       
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Introduction: 
Burn injuries, although decreasing in incidence in the United States (US), can be devastating 
with lifelong health, social and economic ramifications (See Figure 1), many of which still 
warrant further study.1-6  Studies have shown that extremes of age, greater percent total body 
surface area (%TBSA), and inhalation injury, are all associated with greater morbidity and 
mortality after burn injury.7-10  
 
Figure 1: Schematic of the complex interactions of the medical, economic and social 
consequences after burn injury.  
 
 
Burns are a public health problem 
Burn trauma is a public health problem associated with significant morbidity and long term 
complications. The majority of these injuries occur in the home,11 while cooking, often injuring 
women and children.12-14 Moreover, low socioeconomic status (SES), single parent homes, low 
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educational status, and crowded living arrangements have all been associated with increased 
risk of burn injury.15,16  
 
Burn injuries are preventable, yet still affect many people around the world. Despite the fact that 
the incidence of burn injuries is decreasing, they are still a leading cause of injury in the US and 
around the world, with an estimated 265,000 deaths per year, with the vast majority affecting 
those of low SES and in the US and in low and middle-income nations.17Some sources have 
reported a difference in the average mortality rate between high and low/middle income 
countries to differ by as much as a factor of three.18 In North Carolina, the incidence of burn 
injuries is higher than that seen elsewhere in the US, a testament to the fact that the Southeast 
continues to be the region with the highest incidence of burn injuries, aka. “burn belt”.19,20 
 
Men and women are not the same when it comes to acute and long term responses to 
disease and trauma 
There is a growing appreciation that men and women respond to disease and injury, with a 
mandate for research to better elucidate our understanding of these differences.21-28  Studies in 
multiple fields have shown that men and women respond differently to trauma, hemorrhagic and 
septic shock, cardiovascular disease, with some postulating that sex hormones may be 
responsible for the observed differences.29,30  
 
Women do better than men after trauma and septic shock.31-34 Even though there have been 
multiple studies showing these observations, few have been prospective in nature and even 
fewer have been designed to explore possible mechanistic reasons for the improved survival 
benefits seen in women. Given the greater interest in better understanding these differences, 
investigators such as Lopez et al.35 and Albrecht et al.36 have specifically looked at sex as 
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determinant of mortality after trauma and have not found any statistically significant differences. 
The survival benefit seen in women after trauma, does not appear to hold true after burn 
injury.37 While more men than women are injured by burns, women have an increased morbidity 
and risk of mortality when compared to men.17,18,38,39 This is in sharp contrast to what has been 
observed in other forms of trauma.  
 
Until recently, there has been a paucity of research looking at mechanisms and possible 
reasons to explain the gender dimorphism seen after trauma; specifically, after burn trauma. 
There is a paucity of studies that have been designed to look at the effects of sex, if any do 
actually exist, on outcomes after burn injury. Previous studies have reported worse outcomes in 
women after burn, but this relationship was noted as a secondary finding of analysis.40-44  This 
paper will aim to systematically review the studies designed to specifically assess the effect of 
sex on outcomes after burn injury in adult patients, with the aim of gaining greater clarity on the 
matter, or at least identifying directions in which research should be directed to better 
investigate public health interventions and/or possible therapeutics to care for those at risk for or 
who have been injured by burns. 
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Methods:  
Search Strategies 
All searches were limited to Human only studies, subjects >18 years of age, and English 
language only until November 2016. Given the heterogeneity of the available literature, all types 
of original research articles were eligible for review. Abstracts that have not been published, 
studies that focused on pediatric populations only, and studies not designed to specifically study 
gender/sex differences were not included in the review.  
 
The following terms were used in the search strategies: 
PubMed:  
 Gender AND thermal AND injury AND outcome 
 Gender AND burn* AND injury AND outcome 
 Sex AND thermal AND injury AND outcome 
 Sex AND burn*AND injury AND outcome 
 
Medline: 
 Gender AND thermal AND injury AND outcome 
 Gender AND burn* AND injury AND outcome 
 Sex AND thermal AND injury AND outcome 
 Sex AND burn* AND injury AND outcome 
 
Embase: 
 Gender AND thermal AND injury AND outcome 
 Gender AND burn* AND injury AND outcome 
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 Sex AND thermal AND injury AND outcome 
 Sex AND burn*AND injury AND outcome 
 
Clinical Key: 
 Gender AND burn* AND injury AND outcomes AND thermal 
 
CINAHL: 
 Burn injury AND gender AND outcome 
 Thermal injury AND gender AND outcome 
 Burn Injury AND sex AND outcome 
 Thermal injury AND sex AND outcome 
 
Review of the search strategies outputs: 
Each of the search strategy outputs were searched by hand for titles that discussed outcomes 
after burn and/or thermal injury with a focus on sex and/or gender. Studies that limited their 
scope to a single anatomic location were excluded, as well as those that discussed pediatric 
populations.  If there was any question about the potential eligibility of the study, the abstract 
was reviewed to make the final determination. Once articles were identified from each search 
strategy, they were entered into a table and cross-referenced between the different search 
strategies to identify and eliminate duplicate articles. 
 
Evaluating study quality 
To evaluate the study quality of each study, we used the appraisal tool developed by professors 
at the Gillings School of Public Health at the University of North Carolina at Chapel Hill 
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(Appendix Table 15). The strength of the critical appraisal tool is that it allows for consideration 
of potential for selection, measurement, and confounding bias, as well as determination of the 
external and internal validity of the studies.  This tool allows for subjective evaluation of the 
studies.  Given the significant variability in how the studies are conducted and reported, the 
decision to choose this more flexible tool was made.  
 
Data Synthesis 
Given the heterogeneous body of literature on this topic, we will focus on identifying features of 
the studies that are shared or reported in the majority of the reviewed articles; with special 
attention to: type of study, primary outcome of interest, and the following descriptive variables: 
 
 Number of subjects in each study 
 Number of women and men in each study 
 Mean age of study participants 
 Mean burn size (%TBSA) of study participants 
 Burn mechanism 
 Presence of inhalation injury 
 Length of stay   
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Results: 
 
Of the 939 titles identified by the search strategies, 41 titles total were identified for further 
review. Of these, 26 titles were identified as duplicate titles, 2 were abstracts that were never 
published and 3 were found not to meet inclusion criteria as outlined in the Methods section 
above. A total of 10 articles were selected for full review.  All of the studies included in this 
review were retrospective studies that used registries as their source of data. Five of the studies 
used single center registries, 2 used large national databases, and 3 used registries from 
multiple centers (Table 2). Four of the ten studies were international studies and the remainder 
were performed by investigators in the United States.   
 
Although the aim of the study was to look at adult populations after burn injuries, the study 
populations varied in age, which introduced significant heterogeneity into the analyses 
presented in this endeavor (See Tables 3 & 4).  Papers that focused on solely on pediatric 
populations were excluded from the study.  However, for those studies in which pediatric 
patients were included in the investigators’ analyses, we focused on the findings reported on 
adult patients (Table 3 & 4, Tables 5-14). 
 
In nine of the ten studies, flame injuries were the most common mechanism of injury in both 
men and women, with scald injury being the next most common mechanism of injury, primarily 
in women (Table 3).  The presence of inhalation injury, a well-known to be a risk factor for worse 
outcomes after burn injury,1,7,45-48 was not reported in all of the studies due to a lack of uniform 
diagnostic criteria. Many investigators chose to exclude patients with suspected inhalation injury 
altogether from their analysis in order to minimize the potential for confounding (Table 3). For 
those that did report on the presence of inhalation injury, there was no statistically significant 
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difference between men and women with respect to the presence of inhalation injury across 
studies. Investigators who did report on the presence of inhalation injury cited the lack of 
uniform criteria for the diagnosis of inhalation injury as a limitation of their study.  
 
A plurality of the studies showed that women have significantly longer lengths of stay after burn 
injuries as compared to their male counterparts (Table 3), which is consistent with other studies 
that have shown that women tend to have longer lengths of stay compared to men, although 
this trend has started to equalize in recent years.38,41  Blom’s study49 looked at outpatients only, 
and reported lengths of stay in hours, not days, with no statistically significant differences 
reported between them. 
 
Risk of mortality 
Seven of the ten studies showed that women had a greater risk for mortality as compared to 
men (Table 4). Chang, et al.50 did not find any statistically significant differences in mortality 
between men and women. The analysis was not adjusted for confounding, and therefore it is 
difficult to determine if there were truly any sex differences in the setting of age greater than 65 
years of age.  This study was also limited by small sample size. In Steinvall’s, et al.51  study, 
women were found to have greater crude mortality as compared to men, however this difference 
was not observed after adjustment for age, burn size, need for mechanical ventilation, type of 
burn and treatment year. The lack of difference in mortality between men and women held after 
adjusting for age, burn size, and mechanism of burn. Blom’s, et al.49 study did not look at 
mortality given that it focused solely on emergency room visits and looked at disposition from 
the emergency room. 
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Discussion: 
 
Although the incidence of burn injury is decreasing in the United States, it continues to be a 
devastating injury with significant healthcare costs.6,52-54 Burns continue to disproportionately 
affect those with low socioeconomic status, both here and abroad, increasing their risk for 
poorer long term outcomes and disability.5,16,55 Although men tend to be affected more by burns, 
literature has suggested that women do worse after burns, with respect to medical, social and 
psychological outcomes.16,38,40,56 This observation is in contrast to what has been observed with 
respect to other medical conditions, such as trauma, sepsis, cardiovascular disease, in which 
women have been found to do better than men.29-32,36,37,57,58 Why is it then that women do worse 
after burns as compared to men? 
 
This study sought to review the literature to determine whether or not women, do indeed, have 
increased mortality after burns.  Although all of the studies in this paper, with the exception of 
Steinvall’s51 and Chang’s papers,50 which showed trends toward increased mortality, showed 
statistically significant increased risk of mortality in women after burn injury. These papers 
primarily used large databases as the source of their data, and were therefore unable to probe 
for possible physiological mechanisms to explain why women appear to do more poorly than 
men.  In this review, the age ranges were broad, and the number in each age range group were 
variable, making it difficult to arrive to any definitive conclusions to elucidate the interaction 
between hormonal stage, sex hormone level, and mortality that might account for the 
differences seen between men and women after burns. Moreover, all of the studies in this 
review were retrospective, thereby limiting the ability to prospectively look for causality to help 
explain why women appear to do worse than men after burn injury.  
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The Role of Androgens in Immune Function 
Animal models have attempted to explain this observation, and have found that estrogen 
modulates the immune system after burns, specifically via controlling lymphocyte and 
macrophage function.59-62 This interaction may shed some light on the mortality quandary, but 
comparable studies have yet to be done in humans on a large scale. Estradiol is thought to 
modulate the immune system towards a more pro-inflammatory state after burns, and levels of 
estradiol have been found to be elevated in both men and women after burns.63   However, this 
data comes from a single center study that looked at interleukin-6 (IL-6) and estradiol levels in 
29 individuals, with the complete findings yet to be published as a manuscript.63  
 
Male sex steroids, e.g. testosterone, have been shown to dampen the immune response, 
whereas female sex steroids, e.g. estrogen, have been show to enhance the activity of humoral 
and cellular immune responses. The greater activation of the humoral and cellular immune 
system by estrogen has been posited as a possible mechanism for why the female sex is at 
greater risk for developing autoimmune diseases, and also as a possible explanation of why 
women do better after trauma and septic shock,29,64 but this does not explain the observed 
trends in mortality and outcomes after burns. 
 
A postulated mechanism for the differences observed between the sexes has been explained as 
a sex-specific expression of pro- and anti-inflammatory cytokines, with estrogen enhancing the 
pro-inflammatory response. Studies have shown differences in the levels of pro-inflammatory 
cytokines, e.g. IL-6, which has been strongly correlated with the severity of septic episodes.3,59-
62,65-67 Under normal instances, IL-6 has been shown to enhance immune function, which may 
explain the survival benefit in women after other forms of trauma and septic shock. In the case 
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of burns, however, the opposite has been observed with respect to elevated levels of IL-6 and 
delayed immunosuppression after burns.60  
 
Is the enhancement of the pro-inflammatory milieu after burns purely mediated by 
androgens alone?  
 Adipose tissue is a metabolically active endocrine organ.68 It releases pro-inflammatory 
hormones, e.g. TNFα, IL-6, as well as aromatase, which converts androgens to estrogen in the 
periphery.69 Diebel et al. postulates that adipose tissue modulates the immune response after 
traumatic injury, which can be further modified by androgens.70 Obesity leads to a state of 
chronic low grade inflammation, in which there is up-regulation of pro-inflammatory cytokines.71 
In addition, the distribution of fat in men and women is different, with women having a greater 
amount of subcutaneous, lower body fat as compared to men whom have greater visceral 
accumulation of adipose tissue. Visceral and subcutaneous fat each have different metabolic 
profiles and responses to androgens, which may explain some of the differences in immune 
response after injury, however this remains to be studied in further detail.69,72,73 Estradiol, in 
particular, has been found to enhance proliferation of pre-adipocytes, which ultimately become 
metabolically active adipocytes, in both men and women. The interaction of estradiol and 
adipose tissue may be remnant of an evolutionary need in women that is now contributing to 
greater obesity rates in modern society.74 
 
Although the pattern of adipose tissue accumulation, in women, favors lower body, 
subcutaneous stores versus visceral stores, which are commonly seen in men, the percentage 
of visceral adipose tissue also increases with increasing body mass index (BMI).69,75 
Mohammadi and colleagues76 posited that a possible explanation for the observed increased 
mortality in women may be due to their distribution of adipose tissue.  
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The problem of increasing obesity is a global one 
The problem of obesity is increasing globally. It was once thought to be an issue in just high 
income nations, but obesity is now increasing in prevalence in middle and low income nations, 
as well, with women having a higher prevalence of obesity than men.77,78 Over a third of the 
people in the US are obese, with the overall prevalence being greater in women as compared to 
men; with rates being as high as 45.7%% and 56.9% in Hispanic and African American women, 
respectively.79 Women have a greater store of adipose tissue, even after correcting for BMI, 
which holds true irrespective of race, culture and ethnicity.69 
 
As with other conditions, the increasing prevalence of obesity poses significant challenges in 
burn care. Obese patients have increased risk of wound healing complications, infections, 
morbidity and mortality, with obese women having poorer outcomes than their male and non-
obese counterparts, although a direct relationship between mortality and BMI has not yet been 
well established.80-88 
  
The modulation of the immune system by estrogen has been found to be detrimental injury after 
burn injury mice, but there have not been such studies formally studying this in women.  We 
would posit that another contributing factor to the worse outcomes observed in women, is the 
greater percentage of adipose tissue that creates a baseline inflammatory state that is 
potentiated by estrogen, after burn injury, leading to dampened immune function, thereby 
increasing the risk of morbidity and mortality after burn. 
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Social factors and pre-existing psychiatric illness may also contribute to worse 
outcomes in women after burn injury 
 
Immunologic, metabolic and endocrine interactions may not alone explain why women do worse 
than men after burns. Women who are burned are more likely to be single, divorced or 
widowed, are more likely to be living with children and more likely to have lower socioeconomic 
status when compared to age-matched men.50  Moreover, the medical histories of women tend 
to be more extensive, with women being twice more likely than men to have pre-existing 
neurologic or psychiatric conditions.40,41,50,51,56,89,90 Even after accounting for demographic 
variables, such as age and race, injury characteristics, and treatment plan, women have been 
found to have greater impairments, worse quality of life, and greater psychological stress 12 
months after injury as compared to men. 56 A study done by Wasiak et al.56  found that the 
aspects of quality of life in which women fared worse than men involved: body image, affect, 
interpersonal functioning, sexuality, heat sensitivity, and overall compliance with long-term 
treatment plans. Their findings are consistent with other studies that have found that women 
have worse psychosocial adjustment after burn injury.91,92  Perhaps these differences can be 
attributed to a greater prevalence of pre-existing psychiatric illness and psychological stress in 
women,40,41,50,51,89,90 which has also been associated with slower rate of physical recovery and 
wound healing in humans.56,93-95 
 
Not only are women who are burned more likely to have lower socioeconomic status, but they 
are also more likely to be older, have more chronic health problems, and tend to take longer to 
present for medical care than are men, perhaps as a function of lower “social capital”.40,96,97 
“Social capital” can be thought of as community on the grand scale, and as the sum of multiple 
social resources, which include participation in social networks, trust among family and friends, 
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acceptance within social norms, political participation and reciprocity on an individual level.40 
Another way of looking at “social capital” is the degree to which a person is engaged in their 
families and communities, i.e. a member of a working and functional unit in which they 
contribute to and receive back in kind. Women who are burned tend to be more socially 
isolated, are less likely to work outside of the home, are less likely to be married or partnered, 
and are less likely to be living in a single family home.40 The increased mortality observed in 
women may not be due to physiology alone, but may also be due to a greater degree of social 
isolation and poorer psychosocial support; issues that are difficult to study and fully appreciate 
in the studies included in this review. More investigators are trying to better understand how 
‘social capital” affects health and recovery, and this body of literature has been growing in 
recent years.98-101 
 
Conclusions: 
 
This systematic review showed that women have higher mortality rates after burns than do men.  
This difference is most pronounced during their child bearing years, which has led to the belief 
that sex hormones may be partly responsible for this mortality difference. Sex, alone, may not 
be solely responsible for the observed trends after burn injury.  The increasing prevalence of 
obesity in the US and abroad has become a more pressing issue in medical research and 
health care policy. With the overall prevalence of obesity being greater in women as compared 
to men,79 researchers need to also focus more energy on trying to understand the immunologic 
and metabolic interactions of increased adipose tissue, and if there is any interaction or 
modulation by sex hormones, as has been found in animal studies.  
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Given the findings of this study, we recommend that multicenter, prospective studies be 
designed to study the effect of sex hormones on the response to burn injuries. Future studies 
should be designed to explore the modulatory effects of adipose tissue and sex hormones on 
the immune system and the interaction of these systems on outcomes after burn injury.  These 
studies will require a translational approach in which observations noted in the wards are 
studied in animal models in order to better elucidate mechanisms in a more controlled fashion, 
and then taken back to humans to assess the validities of these hypotheses. Only in this way, 
can we gain a better understanding of why women do worse after burns and begin to develop 
targeted therapeutics to address the pathways of interest.  
 
In addition, there are social and psychiatric/psychological aspects that have been highlighted in 
the reviewed studies, such as disposition after discharge from the hospital, delayed presentation 
after injury, and the role of social support during and after injury that also need to be studied 
with respect to women and burn trauma.  The public health community needs to pay attention to 
the fact that despite the decreasing incidence of burn injury, this preventable health problem 
continues to significantly affect the lives of people in this country. Although burn injuries are no 
longer associated with high rates of mortality, those affected by burns continue to have 
socioeconomic implications that are long lasting and come at great economic costs to the 
individuals, their families, their communities and the population at large.    
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Figure 2: PRISMA diagram showing flow of selection of articles for review 
 
 
  
Hand searched 
reference lists 
Title review led to exclusions: 
 Pediatric populations 
 Non-burn trauma/disease 
 Did not discuss both sexes 
 
 
Identified for full review: 41 articles 
 25 Pubmed/Medline 
 12 Embase 
 4 Clinical Key 
 0 CINAHL 
 
Full review led to the exclusion of:  
 Duplicate Articles (26 articles) 
 2 Abstracts 
 3 Articles 
Included in the review: 
10 Studies 
Original Search: 939 articles 
• 588 PubMed/Medline 
• 263 Embase 
• 38 CINAHL 
• 50 Clinical Key 
 
 Limited to English 
language only 
 Human studies 
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Table 1: Final List of Articles Selected for Review 
 
1) O’Keefe GE, Hunt JL, Purdue GF. An Evaluation of Risk Factors for Mortality after 
Burn Trauma and the Identification of Gender-Dependent Differences in Outcomes. J 
Am Coll Surg. 2001; 192: 153-160 
2) McGwin G, George RL, et al. Gender Differences in Mortality Following Burn Injury. 
Shock 2002; 18(4): 311-315 
3) Chang EJ, Edelman LS, et al. Gender influences on burn outcomes in the elderly. 
Burns 2005; 31: 31-35 
4) George RL, McGwin G, et al. The Association between Sex and Mortality among 
Burn Patients as Modified by Age. J Burn Care Rehab 2005; 26: 416-421/ 
5) Kerby JD, McGwin G, et al. Sex Differences in Mortality after Burn Injury: Results of 
Analysis of the National Burn Repository of the American Burn Association. J Burn 
Care Res 2006; 27: 452-456 
6) Steinvall I, Frederikson M, et al. Mortality after Thermal Injury: No Sex-Related 
Difference. J Trauma 2011; 70: 959-964 
7) Moore E, et al. More than twice the risk of dying: Burn injured women admitted to 
intensive care units. J Burn Care and Research 2014; 35 Suppl 1(s91) 
8) Summers JI, Ziembicki JA, et al. Characterization of the Gender Dimorphism 
Following Severe Thermal Injury. J Burn Care Res 2014; 35(6): 484-490 
9) Mohammadi AA, et al. Effect of burn sites (upper and lower body parts) and gender 
on extensive burns’ mortality. Iranian Journal of Medical Sciences 2015; 40(2): 166-
169 
10) Blom L, Klingber A, Laflamme L, Wallis L, Hasselberg M. Gender differences in 
Burns: A Study from Emergency Centres in the Western Cape, South Africa. Burns 
2016; 42: 1600-1608 
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Table 2: Study Quality Characteristics 
Study name: Type of study Inclusion Criteria 
 
Exclusion Criteria Primary Outcome of interest 
O’Keefe, et al.,102 
2001 
Single center, 
retrospective 
cohort study 
Patients hospitalized for 
the management of acute 
burns from January 1989 
to December 1998 
Patients in whom the initial 
decision not to resuscitate 
and were allowed to die, 
those admitted greater 
than 24 hours after injury 
In-hospital mortality for all comers, 
also as affected by sex 
McGwin, et 
al.,1032002 
Single center, 
retrospective 
cohort study 
Patients greater than 20 
years admitted to the burn 
center from January 1994 
and December 2000 
Patients less than 20 
years of age 
In-hospital mortality in males and 
females after acute burn injury 
Chang, et al.,50 
2005 
Single center, 
retrospective 
cohort study 
Patients 65 years and 
older admitted for the 
management of acute 
burns from January 1998 
and December 2002 
N/A In-hospital mortality in elderly males 
and females after acute burn injury 
George, et al.,104 
2005 
Retrospective 
cohort study of a 
large national 
database 
Patients greater than 20 
years of age admitted for 
management of burn 
injuries to centers 
participating in data 
submission to the 
repository from January 
1994 to April 2002 
Incomplete records were 
excluded from the study 
In-hospital mortality in males and 
females after acute burn injury 
Kerby, et 
al.,1052006 
Retrospective 
cohort study of a 
large national 
database 
Patients admitted to burn 
centers that participate in 
data submission to the 
National Burn Repository, 
from 1991 – 2001 
Patients with incomplete 
medical records 
In-hospital mortality in males and 
females after acute burn injury 
Steinvall, et al.,51 
2011 
Single center, 
retrospective 
cohort study 
Patients admitted with 
acute burns from January 
1993-December 2008 
Patients with non-thermal 
injuries, e.g. chemical, 
frostbite, inhalation injury 
skin diseases 
In-hospital mortality in males and 
females after burn injury after 
adjusting for %TBSA and age 
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Moore, et al.,106 
2014 
Multicenter, 
retrospective 
cohort study 
All patients admitted to the 
ICU with acute thermal 
injuries 
Non-thermal burns, 
readmissions, patients 
with missing outcome data 
In-hospital mortality in males and 
females after acute burn injury 
Summers, et al.,89 
2014 
Multicenter, 
retrospective 
cohort study 
Patients admitted to one of 
six institutions between 
2003 and 2010 following 
acute burn injury with 
TBSA > 20% TBSA for 
adults and >40% for 
children that required 
surgical treatment and 
arrived to the burn centers 
within 96 hours of injury 
Included age >90 years of 
age, chemical or deep 
electrical burns, significant 
associated traumatic 
injuries, pre-existing 
cardiac dysfunction, 
glucocorticoid treatment, 
malignancy and prior 
bilateral lower extremity 
amputations 
In-hospital mortality in males and 
females after acute burn injury 
Mohammadi, et 
al.,76 2015 
Single center, 
Retrospective 
cohort study 
Patients with upper and 
lower body burns admitted 
during November 2005-
December 2006 
Comorbidities, e.g. 
diabetes mellitus, 
cardiovascular diseases, 
hypertension and 
inhalation injury 
In-hospital mortality in males and 
females based on location of burn 
(upper versus lower body) 
 
Blom, et al.,49 2016 Multicenter, 
retrospective 
cross-sectional 
study 
Patients presenting to 
emergency departments 
for the treatment of burn 
injuries from 2012 to 2013 
Those with missing patient 
files or information on 
gender 
Gender differences in disposition and 
length of stay after presenting to the 
emergency department for treatment 
of burn injury 
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Table 3: Demographic and Burn Injury Characteristics across the Studies 
Study 
Name 
N in each 
study group 
Age 
[years (SD)Φ] 
Burn Size 
[%TBSA (SD) Φ] 
Burn Mechanism 
Flame (%) 
Scald (%) 
Inhalational Injury 
(% with inhalation injury) 
 
Length of Stay 
[days (SD) Φ] 
 F M F M p F M p F M p F M p F M p 
O’Keefe, et 
al.,102 2001 
DC*: 
620 
VC**:
636  
DC*: 
1842 
VC**: 
1829  
20  
[2-43] 
28 
[12-
41] 
<.001 10 
(4-19) 
8.5 
(4018) 
0.13 N/A N/A N/A 7.6% 7.4% 0.81 6 
(2-16) 
7 
(2-15) 
N/A 
McGwin, et 
al.,103 2002 
382 1229 48.4 
(19.1) 
42.6 
(15.9) 
<.0001 N/A N/A N/A Flame:  
71.2% 
Scald:  
17.5% 
Flame: 
68.8% 
Scald: 
12.5% 
<.0001 11.8% 8.9% 0.11 10 8.5 0.09 
Chang, et 
al.,50 2005 
31 63 78.8 
(7.9) 
74.8 
(7) 
0.05 12 
(12.7) 
17.2 
(21.2) 
0.20 Scald:  
32.3% 
Scald:  
6.3% 
<0.05 19.4% 22.2% N/A S†: 15.2 
(16.6) 
NS††: 9.9 
(7.5) 
S†: 13.2 
(14.2) 
NS††: 13.1 
(16.6) 
N/A 
George, et 
al.,104 2005 
1406 4830 48.2 
(18.9) 
42.8 
(15.8) 
<.0001 12 
(92) 
13 
(92) 
0.46 Flame:  
31.86% 
Flame: 
30.06% 
<.0001 8.96% 6.87% .0083 N/A N/A N/A 
Kerby, et 
al.,105 2006 
14609 34470 29.7 
(26.5) 
29.6 
(21.4) 
0.67 N/A N/A N/A Flame:  
36% 
Scald:  
50.7% 
Flame: 
49.4% 
Scald: 
34.8% 
<.0001 11.2% 10.2% .0010 13.0 
(19.2) 
11.8 
(18.0) 
<.0001 
Steinvall, et 
al.,51 2011 
327 792 33.5 
(30.3-
36.7) 
33.4(3
1.7-
35.1) 
0.94 13.3 
(11.5-15) 
13.1 
(11.9-
14.2) 
0.88 N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Moore, et 
al.,106 2014 
348 1367 46.7 
(19.1) 
39.7 
(17.4) 
<.001 20 
[7-40] 
5 
[0-22] 
0.01 Flame:  
71.6% 
Scald:  
12.3% 
Flame: 
67.4% 
Scald:  
5.4% 
<.001 31.0% 34.5% 0.29 25.4 
 [9.6-
51.5] 
18.9  
[7-40.1] 
<.001 
Summers, et 
al.,89 2014 
155 393 24.7 
(23) 
26.7 
(20) 
0.073 48 
(19) 
48.8 
(20) 
0.686 Flame: 
77.4% 
Scald:  
18.1% 
Flame: 
81.2% 
Scald: 
9.2% 
0.010 46.1% 47.1% 0.826 37.7 (33) 40.1  
(35) 
0.379 
Mohammadi, 
et al..76 2015 
120 163 25.7 
(7.3) 
25.9 
(6.3) 
0.57 31.8 
(8.5) 
31.1 
(8.2) 
0.46 N/A N/A N/A N/A N/A N/A 24.9  
(18) 
17.4 
(14.6) 
<0.001 
Blom, et al.,49 
2016 
904 1011 N/A N/A N/A N/A N/A N/A Flame: 
9.5% 
Scald: 
66.5% 
Flame: 
13% 
Scald: 
64% 
N/A N/A N/A N/A N/A N/A N/A 
*Development cohort (DC),  **Validation Cohort (VC) 
†Survivor (S), ††Non-Survivor (NS) 
[numbers] denotes range 
Φ Standard deviation (SD) 
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Table 4: Mortality rates according to sex and associated odds ratios (OR) and 95% confidence 
intervals (CI) 
 
Study Name Age (years) Adjusted OR (95% CI) 
Keefe, et al.,102 2001 30-59 2.4 (1.5-4.3)* 
McGwin, et al.,103 2002 < 30 
30-39 
40-49 
50-59 
> 60 
 
<60 
>60 
Total 
5.5 (1.1–27.8)** 
4.5 (0.7–30.3)** 
4.5 (1.1–18.1)** 
4.7 (1.3–17.8)** 
0.7 (0.3–1.5)** 
 
4.4 (2.2–8.9)** 
0.7 (0.3–1.5)** 
1.9 (1.1-3.2)** 
Chang, et al.,50 2005 N/A N/A 
George, et al.,104 2005 20-35 0.52 (0.33-0.81)** 
Men are protected 
Kerby, et al.,105 2006 20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
>80 
Total 
1.8 (1.2-2.8)† 
1.8 (1.3-2.5) † 
1.4 (1.0-1.9) † 
1.6 (1.1-1.2) † 
1.3 (1.0-1.7) † 
1.3 (1.0-1.7) † 
0.9 (0.7-1.2) † 
1.3 (1.2-1.5) † 
Steinvall, et al.,51 2011 Stratified by age Presented as a IRR 
Moore, et al.,106 2014 Not stratified by age 2.35 (1.38-4.01)ᵞ 
Summers, et al.,89 2015 Not stratified by age 2.2 (1.01-4.8) 
Mohammadi, et al.,76 2015 Not stratified by age 1.84 (1.02-3.31) 
Blom, et al.,492016 N/A N/A 
Incidence Risk Ration (IRR) 
All studies included had ORs with p <.05 
*Adjusted for age, inhalation injury and burn size 
**Adjusted for age, race, chronic medical conditions, inhalation injury and burn size 
†Adjusted for age, race, burn size, pneumonia and inhalation injury 
ᵞAdjusted for age, burn size and severity of illness 
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Table 5 
Citation (JAMA style) O’Keefe, et al.,102 2001 
Study Question and Research 
Design 
Study Question: The primary objective of the study is to 
determine an objective method for estimating the risk of 
mortality after burn trauma. The secondary objective is to 
evaluate the relationship between gender and mortality. 
Research Design: Single center, retrospective cohort 
study of patients admitted to a large burn center from 
January 1989 to December 1998.  
Patients were randomly assigned, using a computerized 
random number sequence, to one of the following groups:  
 Development Cohort (First sample): Used to 
develop models estimating survival probability 
 Validation Cohort (Second sample): Used to 
develop the predictive ability of the final model 
The development cohort was used to develop models 
estimating survival probability, and the validation cohort 
was used to test the predictive ability of the model. 
 
Logistic regression was used to generate estimates of the 
probability of death. 
27 | P a g e  
 
Source Population Patients admitted to the Parkland Memorial Hospital from 
January 1989 to December 1998 for management of acute 
burn injuries.  
Study Population (descriptive: 
demographics, eligibility criteria) 
and how chosen (volunteers, 
recruitment, tertiary care clinics, 
population-based, etc.) 
A total of 5,011 records were obtained from the registry of 
patients treated from 1989-1998.  
Exclusion criteria: Patients in whom the initial decision 
was made not to resuscitate and were therefore allowed to 
die, as well as patients admitted more than 24 hours post 
injury. 
 
The case fatality rate was 6.9% for the entire cohort and 
5.3% after excluding 84 patients who met exclusion criteria.  
 
A total of 4297 patients had complete data available for 
analysis.  
Initial Comparability of groups 
(i.e., randomization or group 
composition; concealment of 
allocation) 
Patients were randomly assigned to the development or 
validation cohort. 
The development and validation cohorts were well matched 
in terms of age, number of patients, burn size, persons with 
inhalation injury, complications and deaths. 
Drop outs (no endpoint data), 
adherence, crossovers (attrition, 
loss to follow up) 
There were no drop outs or cross overs in the study. 
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Potential for selection bias (+ to 
+++) and explain 
The potential for selection bias was low (+) given the 
computer generated scheme for randomization to either 
study group.  
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding) 
For the development cohort, potential predictor variables 
were compared using the Mann-Whitney U test (continuous 
variables) and X2 test for categorical variables. Those with 
univariate analyses with p values <0.1 were included in a 
multivariate model. Stepwise logistic regression analysis 
was used to determine the most significant predictor 
variables. The lowest Hosmer-Lemeshow goodness-of-fit 
statistic defined the best model to use. 
 
For the validation cohort, the best prediction model 
obtained from the development cohort was tested in the 
validation cohort to calculate the probability of death for 
each patient. Patients were divided into 10 groups based 
on deciles of predicted mortality risk. The expected number 
of deaths was determined by summing the individual 
predicted mortality estimates and comparing them to the 
observed mortality rate in each decile. Observed versus 
expected deaths were compared by X2 analysis. 
Potential for measurement bias 
(+ to +++) 
The potential for measurement bias was low (+) given the 
statistical rigor used to determine the models and careful 
attention for adjustment of confounders. 
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Potential confounders (name 
and describe how each was 
controlled for) 
Potential confounders that were adjusted for age, gender, 
presence of inhalation injury, burn size, and presence of 
comorbid conditions.  
Age was categorized into three groups: 
 <29 years 
 30-59 years 
 >60 years 
In order to further explore the potential for confounding and 
sex, they limited the analysis to 1811 patients between 30 
and 59 years of age. 
Potential for confounding (+ to 
+++) 
Given the rigor of the analytical plan, the potential for 
confounding was low (+). 
Analysis (intention to treat or 
other adjustment) 
The analysis plan is outlined above in the measurement of 
exposure above. 
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
A total of 5011 records were obtained from the registry. 
The case fatality rate was 6.9% in the entire cohort and 
5.3% after excluding 84 patients who met exclusion criteria, 
leaving a total of 4927 for analysis. 
 The development cohort had: 
o 2462 patients 
o 1842 men and 620 women 
 The validation cohort had: 
o 2465 patients 
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o 1829 men and 636 women 
Each group had univariate and multivariate analyses. 
Because the gender difference remained in subjects 
between 30 -59 years, the analysis was limited to 1811 
patients between 30 and 59 years. After controlling for age, 
inhalation injury, and burn size, the adjusted OR was 2.4; 
95% CI = 1.5-4.3, p<.001) for greater mortality in women vs 
men. 
Clinical and Public Health 
importance for the source 
population; for a wider 
population  
This study presented a rigorous statistical model to look for 
predictors of mortality in a large single center cohort.  It 
showed that women 30-59 years had an increased risk of 
mortality after adjusting for confounders.  This again 
highlights the need for further study of why this relationship 
exist, as well as the development of prevention efforts to 
target these populations. 
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity of the study was good, because 
several models were used to validate the results of the 
analyses.  
External validity: applicability to 
other populations  
This was a large cohort study, however, there was no 
mention of differences in race, which makes it difficult to 
generalize the results to our population in North Carolina. 
Comments and overall 
conclusions/interpretations 
(include consistency with other 
studies; biologic plausibility; 
conflicts of interest; selective 
endpoint reporting) 
This study reported increased risk of mortality in women 
30-59 years of age, which is consistent with that reported in 
previous studies.  With this said, the study was unable to 
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explore potential mechanisms to explain these differences 
due to its retrospective nature, thereby highlighting the 
need for prospective and mechanistic studies to better 
explain this phenomenon. 
 
The limitations of this study include: 
 Retrospective study 
 Single-center study 
 Paucity of information on the comorbidities that 
were recorded and potential impact on patient 
outcomes. 
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Table 6 
Citation (JAMA style) McGwin, et al.,103 2002 
Study Question and Research 
Design 
Study Question: The aim of this study was see if there 
was an association between gender and mortality.  
Research Design: Retrospective review of a large single 
center burn registry. 
Source Population Patients admitted from January 1994 to December 2000 to 
a burn center that primarily serves citizens of Alabama with 
some patients received from neighboring states. 
Study Population (descriptive: 
demographics, eligibility 
criteria) and how chosen 
(volunteers, recruitment, 
tertiary care clinics, population-
based, etc.) 
Between 1994 and 2000, 1611 patients were eligible for the 
study based on the criteria below:  
Inclusion Criteria:  
 Patients admitted for management of acute burn 
injury. 
Exclusion Criteria:  
 Patients < 20 years of age 
 Patients who died soon after arrival 
 Patients whose injury occurred greater than 24 
hours from the time of admission.  
 
Of the 1611 patients: 
 1229 were male 
 382 were female 
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Male patients were significantly younger than females (42.6 
years vs 48.4 years; p <0.0001) 
 
Women were more likely to have co-morbidities (48.2% vs 
35.8%; p<.0001) 
Women had a higher proportion of flame and scald burns 
as compared to men. 
There were no statistically significant differences between 
the rate of injury-related complications, or length of stays 
among the men and women in the study. 
Initial Comparability of groups 
(i.e., randomization or group 
composition; concealment of 
allocation) 
There was no randomization in this study. The groups 
statistically differed in terms of age and the rate of pre-
existing comorbidities at discharge.  
Drop outs (no endpoint data),  
adherence, crossovers (attrition, 
loss to follow up) 
There were no drop-outs. 
Potential for selection bias (+ to 
+++) and explain 
There was little (+) potential for selection bias given that 
the study had broad inclusion criteria and concrete 
exclusion criteria as outlined above.  
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
The primary outcome of interest in this study was in 
hospital mortality.  The study excluded patient that died 
“soon after arrival,” but does not specify what “soon” 
means.  It could have been minutes or hours, but there is 
no way of telling from the article.   
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Potential for measurement bias 
(+ to +++) 
Given the lack of specification of what death “soon after 
arrival” means, I believe that the potential for measurement 
bias is moderate (++). 
Potential confounders (name 
and describe how each was 
controlled for) 
Potential confounders identified and adjusted for in this 
study are: 
 Age 
 Race 
 Chronic medical conditions/Co-morbidities 
 Burn size 
 Presence of inhalation injury 
Each was controlled for using univariate analyses that then 
informed the logistic regression model to adjust for 
confounding.  
Potential for confounding (+ to 
+++) 
The study identified and adjusted for potential confounding 
in their final model, therefore giving this study minimal (+) 
potential for confounding. 
Analysis (intention to treat or 
other adjustment) 
The analysis focused on comparing the relative association 
between sex and mortality after adjusting for age.  
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
Of the 1611 patients eligible for the study: 
 1229 were male 
 382 were female 
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Male patients were significantly younger than females (42.6 
years vs 48.4 years; p <0.0001) 
Women were more likely to have co-morbidities (48.2% vs 
35.8%; p<.0001) 
Women had a higher proportion of flame and scald burns 
as compared to men. 
There were no statistically significant differences between 
the rate of injury-related complications, or length of stays 
among the men and women in the study. 
 
Risk of mortality: 
The risk of death tended to increase with age for both 
males and females. Up to 60 years, the risk of death was 
higher for females than in males. Among those > 60 years 
of age, females were 2.3 times (95%CI 1.4-3.8) more likely 
to die than males, whereas no statistically difference was 
seen in women > 60 years of age (OR 0.9, 95% CI 0.5-
1.6). Following adjustment for age, race, chronic medical 
conditions, burn size, and presence of inhalation injury, the 
pattern of results persisted (<60 years of age OR 4.4, 94% 
CI 2.2-8.9; > 60 years of age OR 0.7; 95% CI 0.3-1.5). 
These differences could not be explained by confounders. 
Clinical and Public Health 
importance for the source 
population; for a wider 
population  
This study also showed that women have a greater chance 
of mortality after burn injury as compared to men. Unlike 
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other studies, this study also took into consideration race 
and the presence of comorbidities in their analysis. 
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity of the study is good in that it developed 
models similar to others used in the literature for looking at 
the effect of sex on mortality after burn injury. 
External validity: applicability to 
other populations  
The results of this study could potentially be applicable to 
North Carolina given the similarity in demographics to our 
populations.  
Comments and overall 
conclusions/interpretations 
(include consistency with other 
studies; biologic plausibility; 
conflicts of interest; selective 
endpoint reporting) 
The findings of this study are consistent with those 
presented by other investigators, showing an increased risk 
for mortality in women under 60 years of age.  Again the 
retrospective nature of the study makes it difficult to study 
potential mechanisms, such as hormone differences, that 
might explain these observations.   
 
The limitations of this study include: 
 Retrospective study 
 Single-center study 
 Lack of information on estrogen/hormones levels 
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Table 7 
 
Citation (JAMA style) Chang, et al., 50 2005 
Study Question and Research 
Design 
Study Question: Does gender play any role in burn 
outcomes in the elderly population? 
Research Design: Single institution retrospective review 
of the Intermountain Burn Center at the University of Utah 
mountains the TRACS/ABA™ of burn patients admitted for 
acute burn treatment.  
Source Population Burn patients > 65 years admitted for management of 
acute burn between January 1998 and 31 December 2002. 
Study Population (descriptive: 
demographics, eligibility criteria) 
and how chosen (volunteers, 
recruitment, tertiary care clinics, 
population-based, etc.) 
A total of 1110 patients were admitted to the burn center 
during the 4-year period. Of those admitted, 94 patients 
were > 65 years of age. Women comprised 33% of the 
patients and men (67%).  
Inclusion Criteria:  
 Men and women > 65 years of age. 
 
Exclusion Criteria:  
 Men and women < 65 years of age. 
Initial Comparability of groups 
(i.e., randomization or group 
composition; concealment of 
allocation) 
There was no randomization in this study in this study. The 
groups were divided by sex. 
38 | P a g e  
 
Drop outs (no endpoint data),  
adherence, crossovers (attrition, 
loss to follow up) 
N/A 
Potential for selection bias (+ to 
+++) and explain 
There is little potential for selection bias (+) because clear 
criteria were set to determine eligibility for the study based 
on age and sex.  
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
The exposure was burn injury. There was no explanation 
as to how burn injury was determined.  There was little 
discussion as to how confounders were adjusted for. 
Potential for measurement bias 
(+ to +++) 
The potential for measurement bias was minimal (+) given 
that the main outcome was in-house mortality.  
Potential confounders (name 
and describe how each was 
controlled for) 
Potential confounders such as age, burn size and 
mechanism of injury were not adjusted for in this study.  
The study was descriptive and did not look for an effect of 
the variable on the outcome of interest. 
Potential for confounding (+ to 
+++) 
Given the lack of adjustment for the possible effect of 
known confounders, described above, the potential for 
confounding is high (+++). 
Analysis (intention to treat or 
other adjustment) 
This study sought to describe injury characteristics of 
elderly men and women burned, but did not seek to study 
the impact of effect. 
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
A total of 1110 patients were admitted to the burn center 
during the 4-year period. Of those admitted, 94 patients 
were > 65 years of age. Women comprised 33% of the 
patients and men (67%).  
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The majority were flame burns (73.4%) followed by scald 
burns (14.9%). Of these, women sustained a higher 
proportion of scald injuries as compared to men. Female 
patients were significantly older than male patients (78.8 
years vs 74.8 years). There was no difference in mortality 
between men and women in this study (22.6% versus 
23.8% in men, p=0.9) 
 
In addition, this study showed that women who survived 
their injury were less likely to be discharged to home and 
more likely to be discharged to a nursing home or 
rehabilitation unit (41.7% women versus 66.6% of men; 
p<0.05) 
Clinical and Public Health 
importance for the source 
population; for a wider 
population  
This study, although not statistically powerful, does show 
that elderly women who are burned are primed for worse 
long term outcomes as compared to men. With this said, 
studies with larger sample sizes and that adjust for 
potential confounders, need to be done in order to study 
this population further.  
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity of this study is fair because it does not 
adjust for potential confounders. 
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External validity: applicability to 
other populations  
The external validity of this study is fair due to the fact that 
it was done in a single center, is retrospective in nature 
and small sample size.  
Comments and overall 
conclusions/interpretations 
(include consistency with other 
studies; biologic plausibility; 
conflicts of interest; selective 
endpoint reporting) 
The statistical rigor of the study is lacking, but it does 
present interesting data that warrants further study. The 
conclusions of the study are consistent with other studies 
that show no difference in mortality in men and women 
after the age of 65 years. This is likely due to modulating 
effects of sex hormones, but this study was not powered to 
elucidate those mechanisms. 
 
The limitations of the study are: 
 Small sample size  
 Retrospective nature 
 Lack of statistical rigor 
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Table 8 
Citation (JAMA style) George, et al.,104 2005 
Study Question and Research 
Design 
Study Question: The aim of the study is to determine the 
association between sex and in-house mortality in a large, 
burn center. The secondary goal is to determine the 
influence of age between sex and mortality.  
 
Research Design: Retrospective review of data 
submitted to the National Trauma Data Bank (NDTB) of 
the American College of Surgeons (ACS), a national 
repository for injury-related and trauma data.   
Source Population Data collected from 131 voluntary participating trauma 
centers during an 8-year period from January 1994 to 
April 2002. 
Study Population (descriptive: 
demographics, eligibility 
criteria) and how chosen 
(volunteers, recruitment, 
tertiary care clinics, 
population-based, etc.) 
Potential subjects were patients admitted to trauma 
centers for management of thermal injuries.  
 
Inclusion criteria: 
 Aged 20 years or older and with thermal injury 
 
Exclusion criteria: 
 Patients with incomplete or inconsistent records. 
Initial Comparability of groups 
(i.e., randomization or group 
The groups for comparison were divided into men and 
women who suffered burn injury. 
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composition; concealment of 
allocation) 
Drop outs (no endpoint data),  
adherence, crossovers 
(attrition, loss to follow up) 
N/A 
Potential for selection bias (+ 
to +++) and explain 
The potential for selection bias was low (+) because a 
large, de-identified database was used and the groups 
were stratified by sex. 
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
The exposure was burn injury as defined in the NTDB. 
There was no explanation as to how burn injury was 
determined.  A plan was made prior to analysis to adjust 
for potential confounders, e.g. age (categorical variable – 
15 year intervals), race and injury type (nominal 
variables), burn size, comorbidity and inhalation injury 
(binary variables). 
 
The dependent variable of interest was mortality. Logistic 
regressions were calculated and adjusted for age, race, 
burn etiology, burn size, and the presence of comorbid 
conditions and inhalation injury. 
 
There was no blinding necessary for this study. 
Potential for measurement 
bias (+ to +++) 
The potential for measurement bias is minimal due to the 
retrospective nature of the study and the use of a large, 
national database. 
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Potential confounders (name 
and describe how each was 
controlled for) 
A plan was made prior to analysis to adjust for potential 
confounders, e.g. age (categorical variable – 15 year 
intervals), race and injury type (nominal variables), burn 
size, comorbidity and inhalation injury (binary variables). 
In addition, data were stratified by 15-year intervals to 
evaluate for effect modification by age.  
Potential for confounding (+ to 
+++) 
Given the identification of potential confounders and plan 
for adjusting for them, the potential for confounding was 
low (+). Confounding was assessed by looking for a 
meaningful difference between crude and adjusted ORs.   
Analysis (intention to treat or 
other adjustment) 
Demographic, injury and medical outcomes were 
characteristics compared between men and women using 
Wilcoxon rank-sum and X2 tests for continuous and 
categorical variables, respectively. 
 
Logistic regression was used to calculate odds ratios with 
95% CIs for the association between sex and mortality, 
adjusted for age, race, burn etiology, burn size, comorbid 
conditions and inhalation injury. Confounding was 
assessed by looking for a meaningful difference between 
crude and adjusted ORs.    
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); 
statistical significance 
Of the potential 11,662 patients with thermal injury in the 
NTDB: 
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 4,023 were excluded because the patients were 
younger than 20 years of age. 
 Of the remaining 7,639 patients, 1403 (18.4%) 
were excluded because of missing variables of 
interest (e.g. age, race, injury type, or TBSA) or a 
failure to satisfy the NDTB criteria for validity. 
 
The resultant study population was n=6236: 
 4839 men (77.4%)  
 1406 women (22.5%) 
 
Females who got burned: 
 Were older than men (48.2 vs 42.8 years  p<.001) 
 More often sustained inhalation injury (female 
8.96%. 6.87% p=0.0083) 
 Were more often white  
 
The associations between sex and mortality, both overall 
and by age strata, showing trends towards women having 
increased mortality as compared to men (See ORs table). 
The only group that showed a statistically significant 
association was the 20-34 year age group, where men 
were more likely to survive with an OR = 0.52; 95% CI 
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0.33-0.81). The other age stratifications showed trends, 
but lacked significance due to lack of precision.  
 
Using the NDTB, subjects in the 20 to 34 year old age 
group, had a statistically significant association between 
male sex and improved survival that was not confounded 
by age, race, comorbidity, injury type, %TBSA, or 
inhalation injury. For the other age groups, there was no 
statistically significant difference, but after adjustment for 
confounders, the associations were consistent with men 
having better outcomes. 
Clinical and Public Health 
importance for the source 
population; for a wider 
population  
Using a large database, this study showed that women 
who suffer burn injuries tend to be older than men and 
more often sustain inhalation injury. This is important to 
consider because one can surmise that women who are 
burned, likely have more co-morbidities and likely have 
longer lengths of stay with greater healthcare costs.  
Given our greater emphasis on cost savings, more effort 
should be dedicated to prevention targeting this at risk 
group. 
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity was good given the apriori efforts to 
identify and adjust for confounders. 
External validity: applicability 
to other populations  
The information in this study is applicable to other 
populations because it had diversity of race and also 
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looked at potential comorbidities and accounted for this in 
their final analysis. 
Comments and overall 
conclusions/interpretations 
(include consistency with 
other studies; biologic 
plausibility; conflicts of 
interest; selective endpoint 
reporting) 
The information presented in this study is consistent with 
that presented in order studies,42,102 as well as that 
presented in animal studies.3,59,61,62 
 
Limitations to this study include: 
 Retrospective nature 
 No measurement of sex hormones thereby limiting 
its ability to truly account for a possible effect of 
sex on injury. 
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Table 9 
Citation (JAMA style) Kerby, et al.,105 2006 
Study Question and Research 
Design 
Study Question: Do women have greater mortality after 
burns as compared to men? 
Research Design: Retrospective review of a large national 
dataset, National Burn Repository.  
Source Population Data submitted from patients with complete records who 
were admitted to 52 burn centers located in the United 
States, admitted from 1991-2001. 
Study Population (descriptive: 
demographics, eligibility 
criteria) and how chosen 
(volunteers, recruitment, tertiary 
care clinics, population-based, 
etc.) 
Patients admitted to burn centers between 1991 and 2001 
for a total number of patients, n=49,676. 
Exclusion criteria:  
 Patients in which there is missing date regarding 
sex in their medical records 
 
Of the potential 49,676 patients, 597 patients were 
excluded because of incomplete information leaving a total 
of 49,079 for analysis. 
 
ICD 9 codes were used to characterize the injuries 
sustained by patients, including those with inhalation injury. 
ICD 9 codes were also used to identify patients with the 
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following complications: pneumonia, sepsis, respiratory 
failure and renal failure. 
 
Of the eligible patients included in the analysis: 
 34,470 were men 
 14, 609 were women 
 
There was no statistical difference in age or complication 
rate. However there were significant differences with 
respect to the presence of inhalation injury, length of stay 
with women having greater inhalation injury and longer 
stays than men.  
Initial Comparability of groups 
(i.e., randomization or group 
composition; concealment of 
allocation) 
There was no randomization done for this study. There was 
no statistical difference in age or complication rate. 
Drop outs (no endpoint data), 
adherence, crossovers (attrition, 
loss to follow up) 
There were no drop outs in the study. 
Potential for selection bias (+ to 
+++) and explain 
The potential for selection bias is low (+) since a large, de-
identified database was used and ICD 9 codes were used 
for determination of injury type and complications. 
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
Descriptive analyses were conducted to compare 
demographic, injury and medical characteristics among 
men and women. Means were used to describe continuous 
variables and proportions were used to describe 
categorical variables.  
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Results were adjusted for the following confounding 
variables: age, race, burn size, inhalation injury, and 
pneumonia. Results were also stratified by decade of age 
to assess for effect modification. 
Potential for measurement bias 
(+ to +++) 
The potential for measurement bias is low (+) given the 
retrospective, blinded nature of the study. 
Potential confounders (name 
and describe how each was 
controlled for) 
Potential confounders that were adjusted for in the logistic 
regression were: age, race, burn, inhalation injury, and 
pneumonia. The results were also stratified by decade of 
age to assess for effect modification. 
Potential for confounding (+ to 
+++) 
The potential for confounding is minimal (+) given the 
identification and plan to adjust for confounders in the final 
model. 
Analysis (intention to treat or 
other adjustment) 
The analysis plan was to assess whether sex has an effect 
on mortality after acute burn injury after adjustment for 
confounders outlined above. 
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
Of the eligible patients: 
 34,470 were men 
 14, 609 were women 
There was no statistical difference in age or complication 
rate. However, there were significant differences with 
respect to the presence of inhalation injury, length of stay 
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with women having greater inhalation injury and longer 
stays than men (12.7 vs. 11.6 days, p<.001). 
 
Overall, women had a 50% increased odds of death 
compared to men (OR 1.5; 95% CI 1.3-1.6), after 
adjustment for age, race, TBSA, inhalation injury, 
pneumonia, the association was diminished, but still 
statistically significant (OR =1.3; 95% CI 1.2-1.5). When 
stratified by decade of age, women had an increased odds 
of death compared with men at all ages between 20-69 
years of age, with an adjusted OR of 1.3 (95% CI 1.2-1.5). 
The strongest associations were observed for those in their 
20s and 30s (Adjusted ORs 1.8). No differences were 
noted between men in women in those <20 years or >70 
years.  
Clinical and Public Health 
importance for the source 
population; for a wider 
population 
This retrospective study shows that women appear to have 
increased mortality after burn injury, after adjusting for 
confounding. It again highlights the need for research to 
better understand the mechanisms behind these 
observations, as well as public health efforts to improve 
burn prevention efforts targeting women.  
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity of the study is good, with proper 
treatment of confounding. 
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External validity: applicability to 
other populations 
As the data presented in this study is from a national 
database, the results reported here should be 
generalizable to our patient populations. 
Comments and overall 
conclusions/interpretation 
(include consistency with other 
studies; biologic plausibility; 
conflicts of interest; selective 
endpoint reporting) 
The overall findings of increased mortality in women of 
reproductive age are consistent with those reported in other 
studies. Interestingly, this study did not find a difference in 
women less than 20 years of age, when 89 found 
significantly increased risk in mortality in girls less than 14 
years. Since we do not have a breakdown of these groups, 
it is difficult to really compare them given the vast variability 
in where patients are in their menarchal cycle and how 
many might be in each stage.  With that said, this 
difference in observation merits further investigation in a 
prospective fashion with a study designed to test hormonal 
status.  
 
The limitations of this study include: 
 Retrospective study design 
 Lack of information regarding the hormonal status 
of females included in the study. 
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Table 10 
Citation (JAMA style) Steinvall, et al.,51 2011 
Study Question and Research 
Design 
Study Question: Is there a gender difference in mortality 
after thermal injury?  
Research Design: Single center, retrospective review of 
burn patients admitted to a large burn center. 
Source Population Patients admitted to the Linköping University Hospital burn 
unit from January 1, 1993 and December 31, 2008, for the 
management of acute burn injuries. 
Study Population (descriptive: 
demographics, eligibility 
criteria) and how chosen 
(volunteers, recruitment, tertiary 
care clinics, population-based, 
etc.) 
Patients admitted to the Linköping University Hospital burn 
unit from January 1, 1993 and December 31, 2008, for the 
management of acute burn injuries, for a total of 792 
patients. 
Inclusion criteria:  
 All patients with new burns. 
Exclusion criteria:  
 Patients with non-thermal injuries, e.g. chemical 
burns, frost bite and skin disorders. 
 Patients with inhalation injury 
 
Of the 1119 patients included in the analysis: 
 792 men  
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 327 women 
The groups were comparable with respect to age, 
extension of injury, mechanical ventilation and lengths of 
stay.  
Initial Comparability of groups 
(i.e., randomization or group 
composition; concealment of 
allocation) 
The groups were comparable, i.e. no statistically significant 
differences, with respect to age (mean age of 33 years), 
burn size (13% TBSA), and lengths of stay (15 days) . 
Drop outs (no endpoint data), 
adherence, crossovers (attrition, 
loss to follow up) 
There were no drop outs in this study. 
Potential for selection bias (+ to 
+++) and explain 
The potential for selection bias was low (+) since the 
groups were well identified and measures were taken to 
standardize treatment protocols for the management of 
both men and women admitted to the center.  
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
The main outcome of interest was mortality. A multiple 
regression model was developed to address the following 
confounders: 
 Age 
 Burn size 
 Type of burn 
 Need for mechanical ventilation 
 Year of treatment 
Potential for measurement bias 
(+ to +++) 
The potential for measurement bias was low (+) because 
mortality was the outcome of interest.  
Potential confounders (name 
and describe how each was 
controlled for) 
The following confounders were identified prior to analysis: 
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 Age 
 Burn size 
 Type of burn 
 Need for mechanical ventilation 
In order to better explore the potential confounders, they 
tested the variable “sex” together with each and every other 
variable, with mortality always being the dependent 
variable. They found that age (in groups by 20 years) was 
associated with mortality when they tested the whole group 
(n=1119), and the age subgroup 16 years to 49 years, 
whereas sex no longer had an association with mortality. 
 
They then went on to test the variables: burn size 
(%TBSA), mechanical ventilation, type of burn, each which 
was an independent risk factor associated with greater 
mortality with and without sex, and sex was not found to be 
associated with greater mortality.  
In addition, a subgroup analysis was done of the group with 
flame burns (which had the greatest mortality), and this 
analysis did not show any differences between men and 
women.  
Potential for confounding (+ to 
+++) 
Given the multiple steps taken to account for potential 
confounding (see above), the potential for confounding is 
minimal (+). 
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Analysis (intention to treat or 
other adjustment) 
Crude mortality was greater in women versus men: (total 
mortality was 6% (40 men and 27 women = 67). However, 
after using a regression model was used to adjust for 
confounders (age, burn size, mechanical ventilation, type of 
burn and year) there were no observed differences in 
mortality. 
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
Of the 1119 patients included in the analysis: 
 792 men  
 327 women 
 
Women in this study tended to be older, have larger burns 
(%TBSA), and longer duration of stay, and these 
differences were statistically significant. 
 
Although the crude mortality was greater in women versus 
men, this difference was not observed after adjustment for 
age, burn size, need for mechanical ventilation, type of 
burn and treatment year. The lack of difference in mortality 
between men and women held after adjusting for age (in 20 
year age groups), burn size (20% units of TBSA), and 
mechanism of burn.  
Clinical and Public Health 
importance for the source 
population; for a wider 
population 
This study did not find any evidence that women have 
greater mortality compared to men after thermal injury, but 
did find that women were more likely to have scald burns, 
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were older than men and had longer lengths of stay as 
compared to men.   
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity of the study was good due to the 
numerous ways in which potential confounding was 
addressed.  
External validity: applicability to 
other populations 
The external validity of the data presented is limited due to 
the homogeneity of the study population. Moreover, there is 
no mention of comorbidities making it difficult to assess 
how generalizable results are to our very heterogeneous 
population.  
Comments and overall 
conclusions/interpretation 
(include consistency with other 
studies; biologic plausibility; 
conflicts of interest; selective 
endpoint reporting) 
This study is the only study which did not find a mortality 
difference between men and women after burn injury. 
Perhaps no difference was found due to the homogeneity 
of the study population, young age (average age of 33 
years) and possibly lower rate of comorbidities, as well as 
exclusion of patients with inhalation injury. The authors of 
the study posit that the reason that they did not find a 
difference was that the previously noted differences in 
mortality are decreasing due to improved burn care. 
 
The limitations of the study include: 
 Single center study 
 Retrospective nature 
 Lack of accounting for comorbidities 
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 Lack of a reliable diagnosis of inhalation injury 
Perhaps, if their study population were more 
heterogeneous, differences might have been observed.   
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Table 11 
 
Citation (JAMA style) Moore, et al.,106 2014 
Study Question and Research 
Design 
Study Question: What is the impact of sex on mortality 
after acute burn? 
Research Design: Retrospective, multicenter study of 
patients of men and women admitted to burn centers in 
Australia and New Zealand.  
Source Population All patients with acute thermal injury requiring admission to 
an intensive care unit (ICU) to 8 of the 9 burn centers in 
Australia and New Zealand from January 2005 to 
December 2011.   
Study Population (descriptive: 
demographics, eligibility 
criteria) and how chosen 
(volunteers, recruitment, tertiary 
care clinics, population-based, 
etc.) 
All patients with acute thermal injury requiring admission to 
an intensive care unit (ICU) were included in this study. 
Exclusion criteria:  
 Non-thermal burns 
 Readmissions to ICU 
 Patients with missing outcome data 
The total number of admissions to 8 of the 9 regional burn 
centers was 1768. 53 of these were excluded, leaving 1715 
for analysis. Of those included in the analysis:  
 1367 were men 
 348 were women 
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Statistically significant differences were seen between men 
and women, with women being older, having larger burns 
and being more ill than men.  
Initial Comparability of groups 
(i.e., randomization or group 
composition; concealment of 
allocation) 
Statistically significant differences were seen between men 
and women, with women being older, having larger burns 
and being more ill than men. 
Drop outs (no endpoint data), 
adherence, crossovers (attrition, 
loss to follow up) 
There were no drop outs in this study.  
Potential for selection bias (+ to 
+++) and explain 
There was minimal (+) potential for selection bias in this 
study.  
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
In-house mortality was the primary outcome of interest. 
Although there was no standardization of treatment 
protocols amongst the participating centers, there was little 
potential for confounding on the definition of mortality. 
Potential for measurement bias 
(+ to +++) 
Minimal (+) potential for measurement bias. 
Potential confounders (name 
and describe how each was 
controlled for) 
To avoid confounding effect of age in the multivariate 
analysis, its component was removed from the Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
score. 
The APACHE II score is one of many standardized 
and validated tools used to measure the severity of 
adult patients admitted to ICUs.107  
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Both age and the APACHE II score +/- age were entered 
independently into the logistic regression model used to 
assess the effect of sex on mortality. 
Burn size, mechanism of burn and burn center were also 
adjusted for in the final regression models.  
Potential for confounding (+ to 
+++) 
There was minimal (+) potential for confounding.   
Analysis (intention to treat or 
other adjustment) 
Mortality after burn injury was assessed in men and women 
and multivariate studies were adjust for potential 
confounding.  
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
The total number of admissions to 8 of the 9 regional burn 
centers was 1768. 53 of these were excluded, leaving 1715 
for analysis. Of these:  
 1367 were men 
 348 were women 
Statistically significant differences were seen between men 
and women, with women being older, having larger burns 
and being more ill than men.  
Overall mortality was greater in women as compared to 
men. After adjustment for confounding (stratifying by age, 
burn size, APACHE II score, and burn center), women were 
still found to have greater mortality than men (OR = 2.35; 
95% CI, 1.38-4.01, p=.002), with the magnitude of 
difference being greatest in women < 30 years of age. 
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Clinical and Public Health 
importance for the source 
population; for a wider 
population 
This study showed that women have higher mortality as 
compared to men after burn injury, again highlighting the 
need for research to better understand the mechanisms 
behind these observations, as well as public health efforts 
to improve burn prevention efforts targeting women.  
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity of the study of good to fair due to the 
lack of standardized protocols for the management of burns 
between participating sites.  
External validity: applicability to 
other populations 
The generalizability of the results of this study are limited 
by the lack of mention of comorbidities and racial 
breakdown. Given that, the population of Australia and New 
Zealand is likely to be comparable to that of the United 
States, and therefore can inform patient care here.  
Comments and overall 
conclusions/interpretation 
(include consistency with other 
studies; biologic plausibility; 
conflicts of interest; selective 
endpoint reporting) 
The results of this study are consistent with the majority of 
the studies exploring this topic. However, as with most of 
the studies, the retrospective nature of the study, as well as 
lack of measurement of estrogen levels, or other objective 
measures to try to assess the impact of sex hormones, 
precludes us from having a better understanding of why 
women appear to do worse after burn injury as compared 
to men.  
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Table 12 
Citation (JAMA style) Summers, et al.,89 2014 
Study Question and Research 
Design 
Study Question: Do females have worse outcomes after 
burn injury as compared to men? 
Research Design: Retrospective multicenter cohort study 
based on the review of data collected from the 
Inflammation and the Host Response to Injury Large Scale 
Collaborative Program. The cohort was designed to 
characterize the genomic and proteomic response 
following burn injury. Secondary analysis was performed to 
determine the impact of sex on mortality, after adjusting for 
age and burn size. 
Source Population Burn patients admitted to one of six burn centers 
institutions (one pediatric center and 5 adult centers) over 
an 8 year period (20003-2010) as part of the Inflammation 
and the Host Response to Injury Large Scale Collaborative 
Program. The cohort was designed to characterize the 
genomic and proteomic response following burn injury.  
Study Population (descriptive: 
demographics, eligibility criteria) 
and how chosen (volunteers, 
recruitment, tertiary care clinics, 
population-based, etc.) 
The eligibility criteria for the original study cohort was: 
Inclusion criteria:  
 Burn size > 20% TBSA (>40% TBSA for children) 
that required surgical treatment  
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 Arrival to an enrolling burn center within 96 hours of 
injury. 
Exclusion criteria:  
 Age > 90 years 
 Chemical or deep electrical burns 
 Significant traumatic injuries (Injury Severity Score 
>24)  
 Pre-existing severe cardiac dysfunction (<20% 
ejection fraction) 
 Glucocorticoid treatment 
 Malignancy 
 Prior bilateral lower extremity amputations. 
For the purpose of the secondary analysis, the cohort was 
further stratified by age and burn size: 
 Age: 
o Pediatric 1-14 years 
o Young 15-50 years 
o Old >50 years 
 Burn size: 
o Low (> 20% and < 40% TBSA) 
o Moderate (>40% and < 60% TBSA) 
o High (> 60% TBSA) 
Over the study period, 548 patient met inclusion criteria 
and were included in the secondary analysis study cohort: 
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 394 men 
 154 women 
The mean burn %TBSA for the cohort was 48% +20% with 
an overall mortality of 15%. Women were more likely to 
suffer scald burns. 
 
Logistic regression analysis showed that women were at 
greater risk for mortality than men (OR 2.2; 95% 1.01-4.8, 
p=0.049). The relationship persisted after stratifying by 
burn size. 
 
There were no statistically significant differences between 
men and women with respect to age, burn size, or the 
presence of inhalation injury. 
Initial Comparability of groups 
(i.e. randomization or group 
composition; concealment of 
allocation) 
As mentioned above, there were no statistically significant 
differences between men and women with respect to age, 
burn size, comorbid conditions, or the presence of 
inhalation injury. This study also looked for differences in 
body mass index (BMI), baseline markers of base deficit on 
admission and amount of resuscitative fluid administered in 
the first 24 hours after admission.  There were no 
statistically significant differences amongst the 
aforementioned variables between the men and women 
included in the analysis.  
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Drop outs (no endpoint data), 
adherence, crossovers (attrition, 
loss to follow up) 
There were no drop outs in this secondary analysis. 
Potential for selection bias (+ to 
+++) and explain 
The potential for selection bias was minimal (+) due to the 
clear eligibility criteria outlined in the study. 
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
In addition to mortality, as effected by age, this secondary 
analysis also sought to look for differences in nosocomial 
infections and the development of multiple organ failure, 
given their relationship with increased mortality after injury. 
In order to adjust for potential confounders of age and burn 
size, the secondary analysis was stratified, as previously 
described above. 
 
Demographics, burn injury characteristics, resuscitation 
and outcomes were compared across gender and across 
age. Logistic regression was then used to determine the 
independent risk of gender. Then to characterize the time 
course of any gender based outcome differences, cox 
hazard regression was used. 
Other covariates used in the final model, in addition to 
gender, included age, burn mechanism, %TBSA, 
presenting with base deficit, APACHE II score, presence of 
inhalation injury, Glasgow coma score, body mass index, 
and the presence of pre-existing comorbidities.  
Potential for measurement bias 
(+ to +++) 
Many measures were taken to minimize measurement 
bias, including the institution of standard operating 
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protocols across all study sites, the use trained study 
nurses to abstract the information and external data review 
by an independent chart abstractor.   
Potential confounders (name 
and describe how each was 
controlled for) 
At the onset of the secondary analysis, the data was 
stratified by age and burn size (already described above). 
In addition, demographics, burn injury characteristics, 
resuscitation and outcomes were compared across gender 
and across age. Logistic regression was then used to 
determine the independent risk of gender. Then to 
characterize the time course of any gender based outcome 
differences, cox hazard regression was used. Other 
covariates used in the final model, in addition to gender, 
included age, burn mechanism, %TBSA, presenting with 
base deficit, APACHE II score, presence of inhalation 
injury, Glasgow coma score, body mass index, and the 
presence of pre-existing comorbidities. 
Potential for confounding (+ to 
+++) 
The potential for confounding was low (+). 
Analysis (intention to treat or 
other adjustment) 
The secondary analysis was designed to look at the effect 
of sex on mortality, after adjusting for age and burn size. 
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
Logistic regression revealed that female gender was 
associated with over a 2-fold higher risk of mortality (OR 
2.2, p=0.049, 95%CI 1.01-4.8). Although not a goal of this 
systematic review, the difference between sex and 
mortality was most pronounced in the pediatric group with 
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a hazard ratio of 10.4 (95% CI 2.0-53, p=0.030) in females 
1-14 years of age.  
 
The gender based mortality differences occur early after 
burn injury. 
Clinical and Public Health 
importance for the source 
population; for a wider 
population  
This study not only an increased risk of mortality in women 
as compared to men after burn injury, but also showed a 
similar increased risk of mortality in pediatric females.  The 
results of the study should merit further investigation to 
better elucidate the mechanisms behind women and girls 
do worse after burns. 
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity of the study is good. 
External validity: applicability to 
other populations  
The multicenter nature of the study allows for greater 
generalizability of the observations reported in the study.  
Not only did this study look at age and race, but it also 
looked at other health indicators, such as BMI. With that 
said, the persons included in the study were young, with a 
mean age in the mid-twenties, with a greater 
representation of larger burns, >20% TBSA.  The majority 
of burns treated in the US are smaller than this 38, and 
therefore the observations found may not be relevant to 
smaller burns.  
Comments and overall 
conclusions/interpretations 
(include consistency with other 
studies; biologic plausibility; 
The findings presented in this study are consistent with 
those noted in other large, retrospective studies. Pediatric 
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conflicts of interest; selective 
endpoint reporting) 
patients were also included in this study, showing 
increased mortality in girls as compared to boys, but this 
systematic review was not designed to look at pediatric 
patients.  With that said, the increased mortality seen in 
girls under 14 may either add or detract from the 
hypothesis that estrogen is responsible for the increased 
mortality in the female sex. This observation may be mute 
if the majority of girls in this age group have already started 
menarche.  
 
Limitations of the study include:  
 Design as a secondary analysis 
 Retrospective nature 
 Lack of information regarding the hormonal status 
of the females in the study 
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Table 13 
Citation (JAMA style) Mohammadi, et al.,76 2015 
Study Question and Research 
Design 
Study Question: Is there a difference in outcome in men 
and women depending on whether their upper or lower 
body part is burned? 
 Research Design: Retrospective single center study to 
assess mortality in patients admitted to a burn center from 
November 2005 to December 2006. 
Source Population Patients admitted to a single burn center for the 
management of their acute burn injury.  
Study Population (descriptive: 
demographics, eligibility 
criteria) and how chosen 
(volunteers, recruitment, 
tertiary care clinics, population-
based, etc.) 
There were a total of 465 patients admitted during this 
period.  
Exclusion Criteria: 
 Comorbidities, e.g. diabetes mellitus, cardiovascular 
diseases, hypertension 
 Presence of inhalation injury 
 
After exclusion based on the above, 283 patients were 
eligible for the study. They were divided into two groups: 
 Upper group: larger than 65% TBSA below the belt 
line burns  
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 Lower group: larger than 65% TBSA below the belt 
line burns 
 
Of the 283 patients included in the analysis: 
 163 were male 
 120 were female 
There were no significant differences in the mean age or 
burn size amongst men and women included in the study. 
Initial Comparability of groups 
(i.e., randomization or group 
composition; concealment of 
allocation) 
The groups were matched with respect to age and burn 
size. 
Drop outs (no endpoint data), 
adherence, crossovers (attrition, 
loss to follow up) 
There were no drop outs in this study. 
Potential for selection bias (+ to 
+++) and explain 
There was moderate (++) potential for selection bias 
because the eligibility criteria are unclear and it is difficult to 
understand from the article why exactly patients were 
excluded in the study. 
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
The exposure that was measured was the burn size, which 
was calculated according to the Berkow diagram. The 
eligibility criteria: the upper group: larger than 65% TBSA 
below the belt line burns, and the lower group: larger than 
65% TBSA below the belt line burns is confusing when the 
average burn size was 31% TBSA in both men and women. 
Based on this exposure, they assessed mortality rate in 
both men and women.   
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Potential for measurement bias 
(+ to +++) 
 Given the confusing description of how the burn size was 
measured and used to stratify the groups, I would say that 
the potential for measurement bias is moderate (++). 
Potential confounders (name 
and describe how each was 
controlled for) 
Potential confounders identified were age, burn size, and 
area of the body burned (upper versus lower body).  There 
was no controlling for these confounders in the study. 
Potential for confounding (+ to 
+++) 
The potential for confounding is high (+++) given that there 
is little discussion in the study as to how, if at all, there was 
adjustment for confounding. 
Analysis (intention to treat or 
other adjustment) 
The analysis focused on determining the mortality in men 
versus women and to see if there were any differences in 
mortality based on location of burn in the body. 
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
Of the 283 patients included in the analysis: 
 163 were male 
 120 were female 
There were no significant differences in the mean age or 
burn size amongst men and women included in the study. 
 
The mortality rate among female patients was greater than 
that observed in male patients, 25% vs. 15.3%, [OR=1.84 
(95% CI: 1.02-3.31)], p=0.04). Greater burn size was also 
significantly related to greater mortality, but there no 
mention of the magnitude of effect.  
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With respect to upper versus lower body burns, males with 
upper body burns had less mortality as compared to males 
with lower body burns and women with upper and lower 
body burns. Although not statistically significant, women 
with upper body burns had higher mortality than women 
with lower body burns (25.3% vs 24.2%). 
Clinical and Public Health 
importance for the source 
population; for a wider 
population 
This study showed that women had worse outcomes as 
compared to men, again highlighting the need for research 
to better understand the mechanisms behind these 
observations, as well as public health efforts to improve 
burn prevention efforts targeting women. 
Overall judgment of internal 
validity (good, fair, poor) 
The internal validity of this study is fair given the lack of 
statistical rigor or transparency presented in the study. 
External validity: applicability to 
other populations 
This study was done in Iran and may not be very 
generalizable to populations in the US.  
Comments and overall 
conclusions/interpretation 
(include consistency with other 
studies; biologic plausibility; 
conflicts of interest; selective 
endpoint reporting) 
Although this study was not very statistically rigorous, the 
results in this study were consistent with those presented in 
other studies on this matter. It also postulates that the 
differences in the kind and distribution of adipose tissue, 
i.e. thicker subcutaneous tissue in women, may have 
differences in vascularization possibly accounting for longer 
hospital stays in women due to more graft complications, 
greater rate of infections and mortality in women.   
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Table 14 
 
Citation (JAMA style) Blom, et al.,49 2016 
Study Question and Research 
Design 
Study Question: Are there gender differences in burn 
etiology, length of stay and patient disposition? Are there 
any differences across age groups? 
Research Design: Multicenter, retrospective cross-
sectional study of patients seeking care at various 
emergency centers throughout South Africa. 
Source Population Outpatients seeking care for burn injuries in eight health 
care centers in the Western Cape Province in South Africa 
between June 2012 and May 2013. 
Study Population (descriptive: 
demographics, eligibility 
criteria) and how chosen 
(volunteers, recruitment, tertiary 
care clinics, population-based, 
etc.) 
There were a total 2146 cases identified during the time 
period.  
 
230 were excluded because patient folders could not be 
found, leaving 1916 cases, of which one was excluded due 
to the lack of information regarding the patient’s gender.  
 
The patients were divided into six age categories to allow 
for the analysis of age on the effect of injury. 
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There was a total of 1915 cases included in the analysis.  
Of these: 
 1011 were men 
 904 were women 
The majority of the patients (65.2%) were burned by hot 
liquids.  
The plurality of patients were aged 0-4 years of age and 
came from urban areas.  
 
There were no gender differences with respect the severity 
of illness or length of stay among adults.   
 
A significantly higher proportion of women (76.6%) of 
women were treated and discharged directly from the 
emergency room, whereas a greater proportion of men 
(15.4%) were transferred to a tertiary center for a higher 
level of care.  
 
Initial Comparability of groups 
(i.e. randomization or group 
composition; concealment of 
allocation) 
There was no randomization in this study and there was a 
greater proportion of men as compared to women in this 
study. 
Drop outs (no endpoint data),  
adherence, crossovers (attrition, 
loss to follow up) 
There were no drop outs or crossovers in the study.  
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Potential for selection bias (+ to 
+++) and explain 
The potential for selection bias was low (+) due to the 
primary variable of interest being gender. 
Measurement of exposure, 
intervention, potential 
confounders, and outcomes; 
reliability and validity of 
measurement; how performed, 
blinding 
The main variables of interest in this study were: 
 Mechanism of injury (hot liquid, fire, contact, other, 
and unknown) 
 Age at the time of injury (divided into six age 
categories) 
 Severity of illness, as measured by the Abbreviated 
Injury Scale (AIS)108  
 Length of stay (hours) 
 Disposition 
Potential for measurement bias 
(+ to +++) 
The potential for measurement bias was low (+) because 
the outcomes of interest were clearly defined. 
Potential confounders (name 
and describe how each was 
controlled for) 
There was no discussion of the variables usually 
associated with greater severity of illness: 
 Race 
 Burn size (%TBSA) 
 The presence of inhalation injury 
 The presence of comorbidities 
Potential for confounding (+ to 
+++) 
The potential for confounding was high (+++) because 
there was no adjustment for any of the confounders 
mentioned above. 
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Analysis (intention to treat or 
other adjustment) 
The analysis sought to look for differences in disposition 
and length of stay amongst females and males seeking 
care for burns, as a function of age and whether or not the 
patients were from rural or urban areas. 
Results: magnitude and 
direction (point estimate; 
random error or precision 
(confidence interval); statistical 
significance 
There was a total of 1915 cases included in the analysis.  
Of these: 
 1011 were men 
 904 were women 
The majority of the patients (65.2%) were burned by hot 
liquids.  
The plurality of patients were aged 0-4 years of age and 
came from urban areas.  
 
There were no gender differences with respect the severity 
of illness or length of stay among adults.   
 
A significantly higher proportion of women (76.6%) of 
women were treated and discharged directly from the 
emergency room, whereas a greater proportion of men 
(15.4%) were transferred to a tertiary center for a higher 
level of care.  
 
This study also found that: 
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 Young children in urban areas had the highest 
incident rate 
 Men suffered more burn injuries when compared to 
women 
 Men had higher reports of suspected 
alcohol/substance abuse 
 Interpersonal violence was more often associated 
with male injuries 
 There were comparable rates of injuries amongst 
children and adolescent boys and girls 
Clinical and Public Health 
importance for the source 
population; for a wider 
population  
This study showed that more men are injured by burns 
than are women; and that their injuries are more often 
associated with alcohol/substance abuse, as well as 
interpersonal violence.  Alcohol and substance abuse are 
often associated with trauma, regardless of mechanism, 
and it is important that public health and safety efforts be 
put in place to curtail behaviors that increase the risk of 
injury in young men. 
Overall judgment of internal 
validity (good, fair, poor) 
The overall judgement and internal validity of this study is 
fair because there is no consideration of potential 
confounders that greatly impact the response of individuals 
after burn injury. 
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External validity: applicability to 
other populations  
The study highlights behaviors that increase the risk of 
men to burn injury, however it does not describe the 
population in terms of race and comorbidities, making it 
difficult to apply the findings of this study to populations 
here in the US. 
Comments and overall 
conclusions/interpretations 
(include consistency with other 
studies; biologic plausibility; 
conflicts of interest; selective 
endpoint reporting) 
Unlike the other studies included in this systematic review, 
in-hospital mortality was not the outcome of interest.  
Instead it looked at emergency room visits for burn injuries 
across 8 medical centers in South Africa.  As outpatients 
were the focus of the study, it is difficult to draw any 
conclusions as to the biologic, hormonal, or physiologic 
differences in responses between men and women.  
Moreover, it is difficult to truly assess the severity of the 
burn with no mention in the study of burn size.  What the 
study does highlight is the fact that more men are affected 
by burns than are women and are more likely to be injured 
as a result of interpersonal violence in the presence of 
alcohol or other substances, which is consistent with trends 
seen here and abroad. 
 
The limitations of the study are:  
 The rates of injury reported are likely under-
represented due to the fact that not all of the healthcare 
facilities in the area participated in the study 
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 There was a significant amount of missing data from 
the participating sites 
 The was no accounting for confounders 
 Retrospective nature 
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Table 15: The tool used for the critical appraisal of the articles reviewed in this study.  
 
Name: PUBH 751: Critical Appraisal of the 
Health Literature 
Citation (JAMA style)  
Study Question and Research Design  
Source Population  
Study Population (descriptive: demographics, 
eligibility criteria) and how chosen (volunteers, 
recruitment, tertiary care clinics, population-based, 
etc.) 
 
Initial Comparability of groups (i.e., randomization or 
group composition; concealment of allocation) 
 
Drop outs (no endpoint data), adherence, crossovers 
(attrition, loss to follow up) 
 
Potential for selection bias (+ to +++) and explain  
Measurement of exposure, intervention, 
potential confounders, and outcomes; reliability and 
validity of measurement; how performed, blinding 
 
Potential for measurement bias (+ to +++)  
Potential confounders (name and describe how each 
was controlled for) 
 
Potential for confounding (+ to +++)  
Analysis (intention to treat or other adjustment)  
Results: magnitude and direction (point estimate; 
random error or precision (confidence interval); 
statistical significance 
 
Clinical and Public Health importance for the source 
population; for a wider population  
 
Overall judgment of internal validity (good, fair, poor)  
External validity: applicability to other populations   
Comments and overall conclusions/interpretations 
(include consistency with other studies; biologic 
plausibility; conflicts of interest; selective endpoint 
reporting) 
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